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PROBLEM TO BE SOLVED: To provide a power generating system 
using a solid electrolyte fuel cell having enhanced system efficiency. 
SOLUTION: In a power generating system by a fuel cell 1 1 using a solid 
electrolyte, after exhausted air 15 exhausted from the air electrode 10b 
of a fuel cell body is used as heat for heat exchange of an air pre-heater 
17, a part of it is mixed with air 25 supplied from a recycle line 26 and is 
used again by preheating the air, and after fuel exhausted gas 12 
exhausted from the fuel electrode 10a of the fuel cell body is used as 
heat for heat exchange of a fuel pre-heater 14, a part of it is mixed with 
fuel 20 supplied from a recycle line 21 and is used again by preheating 
the fuel. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the generation-of-electrical-energy system using the solid electrolyte fuel 

cell which aimed at improvement in system efficiency. 

[0002] 

[Description of the Prior Art] The generation-of-electrical-energy system using a solid electrolyte fuel cell (it is called a 
"fuel cell" below SOFC:Solid Oxide Fuel Cells:.) is variously proposed from before. The above-mentioned fuel cell 
makes fuel gas hydrogen or hydrocarbon system gas (for example, methane etc.), and air is used for it as an oxidizer, and 
it is generating electricity by the cell reaction in the high temperature service of about 1000-degree-C order (900-1200 
degrees C). 

[0003] An example of the generation-of-electrical-energy system using the conventional fuel cell is shown in drawing 12 . 
The fuel cell 01 with which the generation-of-electrical-energy system using the conventional fuel cell equipped the both 
sides of solid electrolyte Ola with fuel electrode 01b and air pole 01c, The combustor 04 which burns the fuel exhaust gas 
02 and exhaust 03 which were respectively discharged from fuel electrode 01b of this fuel cell 01, and air pole 01c, The 
fuel preheater 08 and air preheater 09 which heat respectively beforehand the fuel 06 and air 07 which are supplied newly 
using the exhaust gas 05 from this combustor 04, It has the exhaust gas generation-of-electrical-energy means 01 1 which 
generates electricity using the exhaust gas 010 after this preheating. This exhaust gas generation-of-electrical-energy 
means 01 1 consists of the steam turbine 012, a generator 013, a condenser 014, and a feed pump 015, and some steam 016 
is introduced into the fuel supply line for humidification of a fuel 06. 

[0004] Other examples of a generation-of-electrical-energy system which used other conventional fuel cells for drawing 
13 are shown. The fuel 022 is supplied to fuel electrode 021b of a fuel cell 021, and, as for the generation-of-electrical- 
energy system using other fuel cells, air 023 is supplied to one air pole 021b. The air preheater 025 is infixed in the supply 
line 024 of this air 023, and heat exchange is carried out to it using the heat of the exhaust 026 discharged from air pole 
021b. The exhaust gas boiler 028 is formed in exhaust gas Rhine of the exhaust gas 027 from the above-mentioned air 
preheater 025, the part is mixed with the air 023 which is returned to air supply Rhine 024 and supplied by the circulation 
blower 031, and the exhaust 029 discharged from this exhaust gas boiler 028 is introduced to the air preheater 025 while it 
is discharged from a chimney stack 030. 

[0005] however, in the conventional fuel cell generation-of-electrical-energy system as shown in drawing 12 Since gas 
flow is an one direction, in order to carry out whenever [ cell internal temperature ] into an allowed value, when a lot of 
fuels and air are needed, Since exhaust gas 010 is supplied to the generation-of-electrical-energy means 01 1 of a 
bottoming system after passing a combustor 04, the fuel preheater 08, and an air preheater 09 and using the sensible heat 
of exhaust gas 05 The inlet gas temperature supplied to the steam turbine 012 of a bottoming system was low, and there 
was a problem that bottoming effectiveness was low. 

[0006] In other conventional fuel cell generation-of-electrical-energy systems shown in drawing 13 on the other hand, 
although the preheating of the air is carried out by supplying the exhaust 029 discharged from an exhaust gas boiler 028 to 
the air 023 to supply, the temperature of exhaust 029 before being discharged in a chimney stack 030 has the problem that 
it is low and is not an efficient preheating. 

[0007] Then, this invention aims at offering the fuel cell generation-of-electrical-energy system which raises the use 
effectiveness of the whole system with improvement in the generating efficiency of a fuel cell in view of the above- 
mentioned problem. 
[0008] 

[Means for Solving the Problem] Invention of [claim 1] which solves the technical problem mentioned above After using 
the exhaust discharged from the air pole of the body of a fuel cell as heat of the heat exchange of an air preheater in the 
generation-of-electrical-energy system of a fuel cell using a solid electrolyte, while mixing with the air to which the part is 
supplied, carrying out the preheating of this air and presenting reuse After using the fuel exhaust gas discharged from the 



fuel electrode of the body of a fuel cell as heat of the heat exchange of a fuel preheater, it is characterized by mixing with 
the fuel to which the part is supplied, carrying out the preheating of this fuel, and presenting reuse. 
[0009] In claim 1, invention of [claim 2] is characterized by feeding the fuel after the above-mentioned mixing into a fuel 
pjeheater by the fuel circulation blower while it feeds the air after the above-mentioned mixing into an air preheater by the 
air circulation blower. 

[0010] While feeding into an air preheater, invention of [claim 3] performing mixing with the above-mentioned supply air 
and exhaust with an ejector in claim 1, it is characterized by feeding into a fuel preheater, an ejector performing mixing 
with the above-mentioned supply fuel and fuel exhaust gas. 

[001 1] Invention of [claim 4] introduces a small amount of air, before it supplies the fuel by which the preheating was 
carried out with the above-mentioned fuel preheater to a fuel electrode, and is characterized by heating to fuel cell 
reaction temperature while it introduces a little fuel and heats it to fuel cell reaction temperature, before it supplies the air 
by which the preheating was carried out with the above-mentioned air preheater to an air pole in claim 2 or 3. 
[0012] Invention of [claim 5] is characterized by having the combustor which it mixes [ combustor ] and burns the 
remainder of the exhaust used for the preheating of the above-mentioned air, and the remainder of the fuel exhaust gas 
used for the preheating of the above-mentioned fuel in claim 1. 

[0013] Invention of [claim 6] is characterized by using the exhaust gas after the combustion from the above-mentioned 
combustor as a heat source of a generation-of-electrical-energy means in claim 5. 

[0014] In the generation-of-electrical-energy system of the fuel cell which used the solid electrolyte, the exhaust 
discharged from the air pole of the body of a fuel cell and the fuel exhaust gas discharged from the fuel electrode of the 
body of a fuel cell burn with a combustor, and after using for the preheating of the air which supplies hot exhaust gas, and 
a fuel, respectively, invention of [claim 7] is mixed with the air to which a part of the combustion gas is supplied, and if 
the preheating of this air is carried out and it is reused, it will be characterized by things. 

[0015] Invention of [claim 8] is characterized by feeding the air after the above-mentioned mixing into an air preheater by 
the air circulation blower in claim 7. 

[0016] It is characterized by feeding into an air preheater, invention of [claim 9] performing mixing with the above- 
mentioned supply air and exhaust with an ejector in claim 7. 
[0017] 

[Embodiment of the Invention] Although the gestalt of operation of the fuel cell generation-of-electrical-energy system by 
this invention is explained below, this invention is not limited to the gestalt of these operations. 
|^0 jLBj-4^e gestalt of operation of the 1st of [gestalt of the 1st operation] this invention is explained using drawing 1 . 
<$rawnlg Fis the schematic diagram of a fuel cell generation-of-electrical-energy system. As shown in drawing 1 , the fuel 
ceff : gefte?gfion-of-electrical-energy system concerning the gestalt of this operation The fuel cell 1 1 which comes to 
prepare fuel electro de 10a andjiir pole 10b for the both sides of a solid, electr olyte 1 0, It is fuel electrode outlet Rhine LI 
about thTfiael exhaust gas 12 from above-mentioned fuel electrode 10a. It minds and introduces and is fuel electrode inlet- 
port Rhine L2 to the above-mentioned fuel electrode 10a. The fuel preheater 14 which minds and heats the fuel 13 to 
supply beforehand, The exhaust 15 from above-mentioned air pole 10b is introduced through air pole outlet Rhine L3, and . 
it is air pole inlet-port Rhine L4 to airpole 10b. Th e air preheatgLl7 which minds and heats the air 16 to supply 
beforehand, It is the fueTexhai^ ][5 j from theselue^ 14 and anjurjjr eheater 17 Combustor 

Rhine L5 and L6 Th^combustor 18 wliich it minds, and burns these~after introducing, above-mentioned combustor Rhine 
L5 from — with the recycle line 21 which introduces fuel exhaust gas 12 before carrying out^branchingj iid introducing to 
this combustor 18 to the new fuel 20 supplied by the fuel blower 19 from the exterior The fuel recycle blower 23 which 
supplies the composite fuel 22 with which it was infixed in fuel preheater inlet-port Rhine L7, the new fuel 20 and fuel 
exhaust gas 12 were mixed, and temperature rose to the fuel preheater 14, above-mentioned combustor Rhine L6 from - 
with the recycle line 26 which introduces exhaust 15 before carrying out branching and introducing to this combustor 18 
to the new air 25 supplied by the air blower 24 from the exterior Air-preheater inlet-port Rhine L8 The air recycle blower 
28 which supplies the mixed air 27 to which it was infixed, the new air 25 and exhaust 15 were mixed, and temperature 
rose to an air preheater 17, Exhaust gas Rhine L9 from the above-mentioned combustor 18 It has the exhaust gas 
generation-of-electrical-energy means 30 which generates electricity using the combustion gas 29 discharged. The above- 
mentioned exhaust gas generation-of-electrical-energy means 30 is called the so-called bottoming cycle, consists of an 
exhaust gas boiler 31, the steam turbine 32, a generator 33, a condenser 34, and a feed pump 35, and has discharged the 
exhaust gas 36 of the low temperature discharged from the above-mentioned exhaust gas boiler 31 from the chimney stack 
37 to the exterior. 

[0019] After being used for heat exchange within the fuel preheater 14, while mixing with the fuel 20 supplied by the 
recycle line 21 from the outside and reusing the fuel exhaust gas 12 discharged from fuel electrode 10a of the body 1 1 of a 
fuel cell in the above-mentioned system By mixing with the air 25 supplied by the recycle line 21 from the outside, and 
reusing the exhaust 15 discharged from air pole 10b of the body 1 1 of a fuel cell, after being used for heat exchange 
within an air preheater 17 While a fuel and the efficient preheating of air are made, remaining fuel exhaust gas 12 and 



exhaust 15 burn with a combustor 18, and contribute the hot combustion gas 29 in this combustor 18 to improvement in 
the generating efficiency of the exhaust gas generation-of-electrical-energy means 30 in a bottoming cycle. 
[0020] That is, since the air 25 newly introduced will be mixed with the exhaust 15 supplied by the recycle line 26 when 
performing heat exchange in an air preheater if air is made into an example as shown in the example of a trial mentioned 
later for example, a preheating is made to some extent and the heat exchange effectiveness in an air preheater 17 becomes 
high. Moreover, since temperature is high, the fuel exhaust gas 12 and exhaust 15 which are supplied to a combustor 18 
are exhaust gas Rhine L9. The temperature of the exhaust gas 29 which minds and is supplied to the generation-of- 
electrical-energy means 30 becomes high. Consequently, the thermal efficiency of an exhaust gas boiler can improve and 
improvement in generating efficiency can be aimed at. moreover, since installation of a combustor 18 is moreover made 
into just before the generation-of-electrical-energy means 30 by the back-wash side of branching of the recycle lines 21 
and 26, exhaust gas temperature rises by combustion of fuel exhaust gas 12 and exhaust 15, the gas to the exhaust gas 
boiler 31 of the generation-of-electrical-energy means 30 to supply can be made into an elevated temperature, and the 
generating efficiency in a bottoming cycle also improves. 

[0021] The heat mass balance of the generation-of-electrical-energy system in which the effectiveness of <example 1 of 
trial> this invention is shown is explained below. Drawing 2 is an example of the heat mass-balance map of the 
generation-of-electrical-energy system shown in drawing 1 . Here, T shows temperature (degree C) among drawing 2 , 
and M shows the amount of masses (xl03 Mmol/h). Moreover, the systems specification of the system shown in drawing 
2 is shown in "Table 1 
[0022] 
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[0023] First, although the discharged fuel exhaust gas 12 has the fall to 1041 degrees C to 645 degrees C in the heat 
exchange of the fuel preheater 18, it is mixing with the fuel 20 newly introduced by the recycle line 21, and carrying out 
recycling of this fuel exhaust gas 12, and the temperature of the fuel 20 newly supplied rises to 259 degrees C. Therefore, 
the heat exchange load of the fuel preheater 18 will be reduced if it sees synthetically. As for this, the same is said of an 
air side. Moreover, it burns with a combustor 18, the hot exhaust gas 29 of 930 degrees C is generated here, and the 
remaining exhaust 15 and the remaining fuel exhaust gas 12 by which branching is not carried out to the recycle lines 21 
and 26 are exhaust gas Rhine L9. It can mind and this elevated-temperature exhaust gas 29 can be supplied to the gas 
generation-of-electrical-energy means 30. Consequently, in an exhaust gas boiler 31, hot steam can be obtained and 
generating efficiency improves. As a result of carrying out like this invention, as shown in Table 1, a generation-of- 
electrical-energy system without a loss can be built. According to this invention, heating of a system and temperature 
averaging can attain few energy-ization which can be performed with few air and a few fuel, and can aim at improvement 
in the dependability of a fuel cell. Moreover, since he is trying to circulate through the fuel exhaust gas which did not 
contribute to a reaction, in external supply of a steam required for fuel reforming becoming unnecessary and attaining 
simple-ization of equipment of it, efficient-ization of a system is attained by improvement in a fuel utilization rate. 
[0024] The gestalt of operation of the 2nd of [gestalt of the 2nd operation] this invention is explained using drawing 3 . 
Drawing 3 is the schematic diagram of a fuel cell generation-of-electrical-energy system. Mixing with the fuel 20 and the 
fuel exhaust gas 12 which are newly supplied in the system concerning the gestalt of the 1st operation shown in drawing 1 
what connected and carried out natural mixing of Rhine by the recycle blower 23 it is made to lead to the fuel preheater 

14 **** ( the same ig said of air >j _ with the gesta j t of this 0 p era tion shown in drawing 3 , it considers as the system 
which mixes compulsorily mixing with a new fuel and fuel exhaust gas, and mixing with new air and exhaust using 
EJUKUTA, and is fed into a preheater. In addition, since other configurations are the same as that of drawing 1 , the same 
sign as drawingj. is attached and the explanation is omitted. As shown in drawing 3 , while performing mixing with fuel 
exhaust gas 12 and the new supply fuel 20 using an ejector 38, in this system, it is made to perform mixing with exhaust 

15 and the new supply air 25 using an ejector 39. Thus, gas recycle in the elevated-temperature field which cannot use the 
existing recycle blower is attained by using ejectors 38 and 39. 

[0025] The gestalt of operation of the 3rd of [gestalt of the 3rd operation] this invention is explained using drawing 4 . 
Drawing 4 is the schematic diagram of a fuel cell generation-of-electrical-energy system. In the system of drawing 1 , the 
fuel cell generation-of-electrical-energy system shown in drawing 4 installs a partial combustion means, when whenever 



[ fuel gasV before supply to a fuel cell 11/13 and stoving temperature / of air 16 ] is low. It is the fuel supply line L2 by 
Which the preheating was beforehand carried out by the fuel heat exchanger 14 as the above-mentioned partial combustion 
means here as shoWnTfor-example in lawing 4 . By carrying out little supply of the air 25 from the exterior, if it is the 
combustion equation-foeLpreheater 41^p infix, it is burning some fuels 13 by which the prehearing^ was carried out, and 
the supplied air 25, and raising the temperature of distributed gas, and the fuel itself is followed, burned and carried out. 
Air supply Rhine L4 by which the preheating was beforehand carried out by the air heat exchanger 17 on the other hand If 
it is the combustion equation fuel preheater 42 to infix, the air itself will be followed, burned and carried out by carrying 
out little supply of the fuel 20 from the exterior by burning a part of air 16 by which the preheating was carried out, and 
the supplied fuel 20, and raising the temperature of distributed gas. 

[0026] Although it is necessary to have a heat exchanger with a still bigger heating area in order to raise 30 degrees C of 
gas temperature, if it is original according to the gestalt of this operation, temperature can be easily raised from 920 
degrees C to 950 degrees C which is an efficient gas temperature of a fuel cell, without enlarging this heat exchanger. 
[0027] The gestalt of operation of the 4th of [gestalt of the 4th operation] this invention is explained using drawing 5 . 
Drawing 5 shows an example of the system using the fuel cell module which materialized the fuel cell part of the system 
of drawing 1 . 

[0028] As shown in drawing 5 , the fuel cell module concerning the gestalt of this operation The body 54 of a module 
which arranges a septum 5 1 and comes to classify the interior into two rooms of the up room 52 and the lower room 53, 
The fuel cell stack 55 which comes to carry out the double layer of the generation-of-electrical-energy film which was 
prepared in the lower room 53 of the above-mentioned body 54 of a module, and prepared the air pole and the fuel 
electrode in both sides, The combustion chamber 56 which supplies the fuel 13 which it was prepared in the inferior- 
surface-of-tongue side (ground side) of the above-mentioned fuel cell stack 55, and was fully heated to generation-of- 
electrical-energy temperature, Air chamber 57b which discharges air chamber 57a and exhaust 15 which supply the air 16 
which came to be allotted to the both-sides side of the above-mentioned fuel cell stack 55 respectively, and was fully 
heated to generation-of-electrical-energy temperature to this fuel cell stack 55, The air preheater 17 which warms the air 
16 which it is prepared in the up room 52 of the above-mentioned body 54 of a module, and is supplied to the above- 
mentioned air chamber 57a, It is prepared in the base section 58 of the above-mentioned body 54 of a module, and comes 
to provide the fuel preheater 18 which heats the fuel 13 supplied to the above-mentioned combustion chamber 56. With 
the gestalt of this operation here, the up room 52 which classified the above-mentioned body 54 of a module by the 
septum 51 was called the air-preheat room which arranged the air preheater 17 which heats beforehand the air 25 supplied 
from the outside, and the lower room 53 is called the stack room which contains the fuel cell stack 55. 
[0029] In addition, the recycle line 21 of fuel exhaust gas 12 other than the configuration mentioned above, The fuel 
circulation blower 23 which supplies the mixed gas 22 mixed with fuel exhaust gas 12 and the new fuel 20 supplied by the 
fuel blower 19 to the fuel preheater 14, The recycle line 26 of exhaust 15, and the air circulation blower 28 which supplies 
the mixed gas 27 mixed with exhaust 15 and the new air 25 supplied by the air blower 24 to an air preheater 17, Since the 
generation-of-electrical-energy system 30 of the bottoming cycle which generates fuel exhaust gas 12 and exhaust 15 
using the exhaust gas 29 from the burning combustor 18 and this combustor 18 is the same as that of what is shown in 
drawing 1 , it attaches the same sign. In addition, since it is made to burn with the combustor 18 which taken about and 
transported with fuel exhaust gas 12 and exhaust 15, and was prepared near the gas turbine 31 since it was made to 
prepare near the gas turbine 31, without forming a combustor 18 in the module of the gestalt of this operation, the heat 
loss by taking about hot exhaust gas after combustion can be prevented. 

[0030] With the gestalt of this operation, as shown in drawing 6 , the above-mentioned fuel cell stack 55 carried out small 
quantity (for example, nine steps) successive installation through the interconnector by turns in the condition of having 
stood up the generation-of-electrical-energy film, it should come to constitute the substack 61, should connect these 
substacks using the current collection member (not shown) alternately with two or more trains (for example, ten trains: 
61-1 to 61-10), and should be taken as the freight-car-like horizontal stack. The air supply tubing 62 and the air exhaust 
pipe 63 are connected with this freight-car-like horizontal stack 55 alternately with right and left, for example, the air 16 
supplied from the air-preheat room when the 1st substack 61-1 was made into the example was made to supply to left- 
hand side air chamber 57a, and exhaust 15 is discharged from right-hand side air chamber 57b after cell reaction 
termination. In addition, the collecting electrode plate 65 equipped with the current collection rod 64 is respectively 
formed in the substack 61-1 located in the both ends of the freight-car-like horizontal stack 55, and 61-10, and the current 
is collected by these. 

[0031] The gestalt of operation of the 5th of [gestalt of the 5th operation] this invention is explained using drawing 7 . 
Drawing 7 shows an example of the system using the fuel cell module which materialized the fuel cell part of the system 
of drawing 1 . 

[0032] The fuel cell module concerning the gestalt of this operation The body 76 of a module which arranges the septa 71 
and 72 of gas impermeability of two sheets, and comes to classify the interior into three rooms, the up room 73, the pars 
intermedia store 74, and the lower room 75, The fuel cell stack 77 which comes to carry out the double layer of the 



generatioh-of-electrical-energy film which was prepared in the lower room 75 of the above-mentioned body 76 of a 
rftodule, and prepared the air pole and the fuel electrode in both sides, The combustion chamber 78 which is prepared in 
the inferior-surface-of-tongue side of the above-mentioned fuel cell stack 77, and supplies a fuel 13, The air chamber 79 
which discharges exhaust 1 5 while coming to be allotted to the both-sides side of the above-mentioned fuel cell stack 77 
respectively and supplying air 16 to this fuel cell stack 77, It is prepared in the up room 73 of the above-mentioned body 
76 of a module, and comes to provide the air preheater 17 which heats the air 16 supplied to the above-mentioned air 
chamber 79. The air supply tubing 80 which sets a lower room to supply air chamber 79c while vertical two piece housing 
of the above-mentioned air chamber 79 is carried out by septum 79a and setting an up room to exhaust room 79b, and 
opens the above-mentioned air preheater 17 and the above-mentioned supply air chamber 79c for free passage (inner 
tube), The perimeter of this air supply tubing 80 is covered, the air exhaust pipe (outer tube) 81 which opens for free 
passage the pars intermedia store 74 prepared between the up room 73 of the above-mentioned body 76 of a module and 
the lower room 75 and the above-mentioned exhaust room 79b is formed, and it is considering as double pipe structure. 
[0033] With the gestalt of this operation here, the up room 73 which classified the above-mentioned body 76 of a module 
by the septa 71 and 72 of gas impermeability is made into an air-preheat room, the lower room 75 is made into the stack 
room which contains the fuel cell stack 77, and the pars intermedia store 74 is made into the ******** room which stores 
exhaust 15 temporarily. 

[0034] And while introducing the air 16 by which the preheating was carried out with the air preheater 17 to supply air 
chamber 79c through the air supply tubing 80, he is trying to send the exhaust 15 from exhaust room 79b to the pars 
intermedia store 74 through the air exhaust pipe 81. Moreover, it mixes with the fuel 20 with which circulation use is 
carried out, it is introduced to the fuel preheater 18, and the part is newly supplied by the recycle line 21 after that, and the 
fuel exhaust gas 12 from the fuel cell stack 77 is reused, although discharged by the lower room 75. After it carries out the 
preheating of the air 25 newly supplied with an air preheater 17, exhaust 15 is discharged outside, uses the part for the 
preheating of air with the recycle line 26, and the remainder is introduced into a combustor 18, burns with fuel exhaust 
gas 12, and generates here hot exhaust gas 29, and it can supply it to the gas generation-of-electrical-energy means 30 
through exhaust gas Rhine. Consequently, in an exhaust gas boiler 31, hot steam can be obtained and generating 
efficiency improves. 

[0035] Moreover, since the ******** room which stores temporarily the exhaust 15 which is the pars intermedia store 75 
is established in the lower part side of the air-preheat room which is the up room 73, the whole air-preheater 17 lower part 
can be kept warm. 

[0036] With the gestalt of this operation, as shown in drawing 8 , the above-mentioned fuel cell stack 77 carried out small 
quantity (for example, nine steps) successive installation through the interconnector by turns in the condition of having 
stood up the generation-of-electrical-energy film, it should come to constitute the substack 77, should connect these 
substacks alternately with two or more trains (for example, ten trains) using the current collection member (not shown), 
and should be taken as the freight-car-like horizontal stack. In the gestalt of this operation, moreover, the air chamber 79 
prepared in the both sides of the above-mentioned stack 77 While the air 16 by which the preheating was carried out to the 
elevated temperature with the above-mentioned air preheater 17 is supplied to the interior through the air supply tubing 
(inner tube) 80 The air exhaust pipe (outer tube) 81 is minded for the exhaust 15 discharged to the slanting upper part after 
a cell reaction. To the ******** room of the pars intermedia store 74 Delivery, The exhaust 15 stored here heats new air 
25 with an air preheater 17, and is carrying out heat exchange of this combustion gas 28 to the air 20 which is introduced 
into an air preheater 23 after that, and is introduced from the outside to the exterior after that. Thus, since supply of air 16 
and discharge of exhaust 15 are performed through double tubing (the air supply tubing 80, air exhaust pipe 81), the heat 
of exhaust can be used for the temperature up of a supply air, without needing special equipment, and the function of a 
heat exchanger can be endowed with the part concerned. 

[0037] The gestalt of operation of the 6th of [gestalt of the 6th operation] this invention is explained using drawing 9 . 
Drawing 9 shows the application of the fuel cell generation-of-electrical-energy system of drawing 1 . 
[0038] Although the preheating of the fuel and air both which are shown in drawing 1 and which are newly supplied with 
the gestalt of the 1st operation is carried out, the gestalt of this operation shows the example of a system which heats only 
the newly supplied air beforehand. 

[0039] As shown in drawing 9 , the fuel cell generation-of-electrical-energy system concerning the gestalt of this 
operation The fuel cell 1 1 which comes to prepare fuel electrode 10a and air pole 10b for the both sides of a solid 
electrolyte 10, The combustor 18 which burns the exhaust 15 from the fuel exhaust gas 12 and the air preheater 17 from 
above-mentioned fuel electrode 10a, The fuel preheater 14 which heats the fuel 20 newly introduced using the heat of the 
exhaust gas 29 after combustion with this combustor 18, The air preheater 17 which heats air using the heat of the exhaust 
gas 29 from this fuel preheater 14, The recycle line 26 which introduces a part of exhaust gas 29 from this air preheater 17 
to the new air 25 supplied by the air blower 24 from the exterior, It has the air recycle blower 28 which supplies the mixed 
air 27 to which the new air 25 and exhaust gas 29 were mixed, and temperature rose to an air preheater 17, and the 
exhaust gas generation-of-electrical-energy means 30 which generates electricity using the exhaust gas 29 from the above- 



mentioned air preheater 17. The above-mentioned exhaust gas generation-of-electrical-energy means 30 is called the so- 
called bottoming cycle, consists of an exhaust gas boiler 3 1, the steam turbine 32, a generator 33, a condenser 34, and a 
feed pump 35, and has discharged the exhaust gas 36 of the low temperature discharged from the above-mentioned 
exhaust gas boiler 31 from the chimney stack 37 to the exterior. 

[0040] By burning the fuel exhaust gas (1040 degrees C) 12 and the exhaust (1040 degrees C) 15 from an air preheater 17 
which were discharged from fuel electrode 10a of the body 1 1 of a fuel cell with a combustor 18 in the above-mentioned 
system Although hot exhaust gas (1500 degrees C) can be obtained, the preheating of a fuel 20 and the air is carried out 
one by one with the fuel preheater 14 and an air preheater 17 and the temperature of exhaust gas 29 falls with 830 degrees 
C, this exhaust gas by the recycle line 26 He raises the temperature of mixed air with 650 degrees C, and is trying to 
reduce the load of the heat exchange in an air preheater by making it mix with the air 25 newly introduced. Moreover, he 
is trying to also raise the generating efficiency of the exhaust gas generation-of-electrical-energy means 30 in a bottoming 
cycle. In addition, the fuel preheater 14 and an air preheater 17 should just use the heat exchanger of the ceramics, when 
carrying out hot (1200 degrees C or more) heat exchange. 

[0041] The heat mass balance supplied to the generation-of-electrical-energy system of this invention for proving the 
effectiveness of <example 2 of trial> this invention and the conventional technique is explained below. Drawing 10 is an 
example of the heat mass-balance map by the side of the air of the generation-of-electrical-energy system shown in 
drawing 9 . Here, T shows temperature (degree C) among drawing 10 . 

[0042] Drawing 10 (a) is the specimen of this invention, and drawing 10 (b) is the comparison article of the example of a 
comparison shown in drawing 13 . a system configuration - both — the trial system through which it circulates by recycle 
line 26 A before supposing that it is the same and supplying the exhaust 15 from the air pole of a fuel cell to an exhaust 
gas boiler 31 — (-- in the style side before drawing 10 (a)) and an exhaust gas boiler 31, without preparing a recycle line, 
recycle line 26B was prepared by the back- wash side of an exhaust gas boiler 31, and the system ( drawing 10 (b)) was 
compared conventionally which was recycled to the air preheater 17. The circulating load which both recycle for 
condition equalization presupposes that it is the same, and the thermal transmittance of the heat exchange of an air 
preheater sets it constant with 30 Kcal/m2hdegree C, and it is also considering the exhaust gas presentation as as [ air ]. In 
addition, the point made into the temperature in which heat exchange is possible differs from drawing 9 by the heat 
exchanger of 1 100 degrees C and iron. [ temperature / of the exhaust 15 supplied to an air preheater 17 ] The result is 
shown in Table 2. 
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[0044] The amount of warm water manufactures in the exhaust gas boiler which is the effectiveness by the side of a 
bottoming cycle when carrying out recycling of the exhaust 15 immediately after discharging from an air preheater 17 by 
recycle line 26A, as shown in Table 2 and drawing 10 (a) improves to 1 .5 or more times compared with the example of a 
comparison, and, moreover, the amount of synthesis of the need electric heat area of an air preheater 17 and an exhaust 
gas boiler is also 2 9.41m. It became clear that it may be very few. 

[0045] The gestalt of operation of the 7th of [gestalt of the 7th operation] this invention is explained using drawing 1 1 . 
Drawing 1 1 is the schematic diagram of a fuel cell generation-of-electrical-energy system. Mixing with the air 25 and the 
exhaust gas 29 which are newly supplied in the system concerning the gestalt of the 6th operation shown in drawing 9 is 
taken as the system which mixes compulsorily mixing with the new air 29 and exhaust gas 29 using EJUKUTA, and is fed 
into a preheater with the gestalt of this operation which shows it to drawing 1 1 although he is trying to lead what 
connected and carried out natural mixing of Rhine to an air preheater 17 by the recycle blower 28. In addition, since other 
configurations are the same as that of drawing 9 , the same sign as drawing 9 is attached and the explanation is omitted. 
[0046] As shown in drawing 1 1 , in this system, it is made to perform mixing with exhaust gas 29 and the new supply air 
25 using an ejector 38. Thus, by using an ejector 38, gas recycle in the elevated-temperature field which cannot use the 
existing recycle blower is attained. 
[0047] 

[Effect of the Invention] In the generation-of-electrical-energy system of a fuel cell using the solid electrolyte according 
to [ as stated above ] invention of [claim 1] After using the exhaust discharged from the air pole of the body of a fuel cell 



as heat of the heat exchange of an air preheater, while mixing with the air to which the part is supplied, carrying out the 
pfreheating of this air and presenting reuse Since it mixes with the fuel to which the part is supplied, the preheating of this 
fuel is carried out and reuse is presented after using the fuel exhaust gas discharged from the fiiel electrode of the body of 
a. fuel cell as heat of the heat exchange of a fuel preheater, a fuel and the efficient preheating of air are made. Moreover, 
improvement in a fuel utilization rate is also attained. 

[0048] Since according to invention of [claim 2] the fuel after the above-mentioned mixing is fed into a fuel preheater by 
the fixel circulation blower in claim 1 while feeding the air after the above-mentioned mixing into an air preheater by the 
air circulation blower, the gas after heat exchange serves as low temperature, and feeding of it is attained by the low- 
temperature blower. 

[0049] Since it feeds into a fuel preheater, an ejector performing mixing with the above-mentioned supply fuel and fuel 
exhaust gas while feeding into an air preheater in claim 1 according to invention of [claim 3], an ejector performing 
mixing with the above-mentioned supply air and exhaust, gas recycle in the elevated-temperature field which cannot use 
the existing recycle blower is attained. 

[0050] While according to invention of [claim 4] introducing a little fuel and heating to fuel cell reaction temperature 
before supplying the air by which the preheating was carried out with the above-mentioned air preheater to an air pole in 
claim 2 or 3 It can be made to go up easily to an efficient gas temperature of a fuel cell, since a small amount of air is 
introduced and it heats to fuel cell reaction temperature, before supplying the fuel by which the preheating was carried out 
with the above-mentioned fuel preheater to a fuel electrode, without having an exchanger with a big heating area. 
[005 1] Since it had the combustor which it mixes [ combustor ] and burns the remainder of the exhaust used for the 
preheating of the above-mentioned air, and the remainder of the fuel exhaust gas used for the preheating of the above- 
mentioned fuel in claim 1 according to invention of [claim 5], remaining fuel exhaust gas and exhaust are burned with a 
combustor, and a hot combustion gas can be obtained. 

[0052] According to invention of [claim 6], in claim 5, since the exhaust gas after the combustion from the above- 
mentioned combustor is used as a heat source of a generation-of-electrical-energy means, remaining fuel exhaust gas and 
exhaust burn with a combustor, and a hot combustion gas contributes them to improvement in the generating efficiency in 
the exhaust gas generation-of-electrical-energy means in a bottoming cycle. 

[0053] In the generation-of-electrical-energy system of a fuel cell using the solid electrolyte according to invention of 
[claim 7] The exhaust discharged from the air pole of the body of a fuel cell and the fuel exhaust gas discharged from the 
fuel electrode of the body of a fuel cell are burned with a combustor. Since it mixes with the air to which a part of the 
combustion gas is supplied, and the preheating of this air is carried out and it is reused after using for the preheating of the 
air which supplies hot exhaust gas, and a fuel, respectively, the efficient preheating of air is made and it comes out to 
attain miniaturization of a heat exchanger. 

[0054] According to invention of [claim 8], since the air after the above-mentioned mixing is fed into an air preheater by 
the air circulation blower in claim 7, when the gas after heat exchange is low temperature, feeding becomes possible by 
the low-temperature blower. 

[0055] Since it feeds into an air preheater in claim 7 according to invention of [claim 9], an ejector performing mixing 
with the above-mentioned supply air and exhaust, gas recycle in the elevated-temperature field which cannot use the 
existing recycle blower is attained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] After using the exhaust discharged from the air pole of the body of a fuel cell as heat of the heat exchange of an 
air preheater in the generation-of-electrical-energy system of a fuel cell using a solid electrolyte, while mixing with the air 
to which the part is supplied, carrying out the preheating of this air and presenting reuse The fuel cell generation-of- 
electrical-energy system characterized by mixing with the fuel to which the part is supplied, carrying out the preheating of 
this fuel, and presenting reuse after using the fuel exhaust gas discharged from the fuel electrode of the body of a fuel cell 
as heat of the heat exchange of a fuel preheater. 

[Claim 2] The fuel cell generation-of-electrical-energy system characterized by feeding the fuel after the above-mentioned 
mixing into a fuel preheater by the fuel circulation blower in claim 1 while feeding the air after the above-mentioned 
mixing into an air preheater by the air circulation blower. 

[Claim 3] The fuel cell generation-of-electrical-energy system characterized by feeding into a fuel preheater, an ejector 
performing mixing with the above-mentioned supply fuel and fuel exhaust gas while feeding into an air preheater in claim 
1, an ejector performing mixing with the above-mentioned supply air and exhaust. 

[Claim 4] The fuel cell generation-of-electrical-energy system characterized by introducing a small amount of air before 
supplying the fuel by which the preheating was carried out with the above-mentioned fuel preheater to a fuel electrode, 
while introducing a little fuel and heating to fuel cell reaction temperature before supplying the air by which the 
preheating was carried out with the above-mentioned air preheater to an air pole in claim 2 or 3, and heating to fuel cell 
reaction temperature. 

[Claim 5] The fuel cell generation-of-electrical-energy system characterized by having the combustor which it mixes 
[ combustor ] and burns the remainder of the exhaust used for the preheating of the above-mentioned air, and the 
remainder of the fuel exhaust gas used for the preheating of the above-mentioned fuel in claim 1 . 

[Claim 6] The fuel cell generation-of-electrical-energy system characterized by using the exhaust gas after the combustion 
from the above-mentioned combustor as a heat source of a generation-of-electrical-energy means in claim 5. 
[Claim 7] The fuel cell generation-of-electrical-energy system which will be characterized by things if the exhaust 
discharged from the air pole of the body of a fuel cell and the fuel exhaust gas discharged from the fuel electrode of the 
body of a fuel cell are burned with a combustor in the generation-of-electrical-energy system of a fuel cell using a solid 
electrolyte, and it mixes with the air to which a part of the combustion gas is supplied after using for the preheating of the 
air which supplies hot exhaust gas, and a fuel, respectively, and the preheating of this air is carried out and it is reused. 
[Claim 8] The fuel cell generation-of-electrical-energy system characterized by feeding the air after the above-mentioned 
mixing into an air preheater by the air circulation blower in claim 7. 

[Claim 9] The fuel cell generation-of-electrical-energy system characterized by feeding into an air preheater in claim 7, an 
ejector performing mixing with the above-mentioned supply air and exhaust. 
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